Introduction: There is a lot of discussion about the best surgical technique for tricuspid valve (TV) regurgitation in patients undergoing an operation for primary mitral valve disease. Aim: To review and compare our results and experiences regarding the two main surgical strategies: tricuspid valve annuloplasty with a prosthetic ring (RING group) and suture annuloplasty (De Vega group). Material and methods: We reviewed 570 patients who underwent TV surgery between 2000 and 2016 with either ring annuloplasty (RING group: n = 490 (85.9%)) or De Vega suture annuloplasty (De Vega group: n = 69 (12.1%)). The aetiology of TV insufficiency was secondary in 96.3% (538/559) of the patients, but 47.6% of the patients with primary aetiology had endocarditis of the permanent pacemaker stimulating wires. Results: The age of the two study groups was similar (p = 0.6589), with a mean age of 66.7 years for the ring annuloplasty group and 67.9 years for the De Vega suture technique. The overall 30-day mortality was 10.9% (n = 61) (RING group n = 58 (11.8%) and De Vega group n = 3 (4.3%)). Ten years after TV surgery with either ring annuloplasty or the De Vega suture technique, 5.8% of patients in both study groups presented with a recurrence of severe tricuspid regurgitation ≥ 3. Conclusions: Outcomes of tricuspid valve repair did not differ in terms of long-term stability and durability between the two evaluated techniques.
Introduction
Secondary tricuspid regurgitation (TR) is common in patients with left-side valve disease, especially in the setting of severe pulmonary hypertension and atrial fibrillation [1, 2] . Significant TR often does not regress after successful left-side valve surgery and can progress [3] .
The 2014 AHA/ACC Guideline for the Management of Patients with Valvular Heart Disease recommended tricuspid valve surgery for patients with severe TR undergoing left-side valve surgery (I C). Tricuspid valve repair can be beneficial for patients with mild, moderate or greater functional TR at the time of left-side valve surgery with either:
De Vega tricuspid valve annuloplasty -a rightly neglected surgical technique? 1) tricuspid annular dilation or 2) prior evidence of right heart failure (IIa B) and may be considered for patients with moderate functional TR and pulmonary artery hypertension at the time of left-sided valve surgery (IIb C). Tricuspid valve surgery can be beneficial for patients with symptoms due to severe primary TR that are unresponsive to medical therapy (IIa C) and may be considered for asymptomatic or minimally symptomatic patients with severe primary TR and progressive degrees of moderate or greater RV dilation and/or systolic dysfunction (IIb C) [4] .
Uncorrected, moderate or severe TR is associated with poor long-term survival and progressive heart failure [1] . However, the optimal surgical treatment to eliminate TR is still being debated. Secondary or functional tricuspid valve (TV) insufficiency is primarily treated by valve reconstruction, which carries a lower operative risk than valve replacement [5] . It is still unclear what type of annulus stabilization is more effective, prosthetic ring annuloplasty or suture-based De Vega annuloplasty. McCarthy et al. and several other authors have reported better long-term and event-free survival, freedom from recurrent TV regurgitation and reoperation in patients who underwent ring annuloplasty [1, 5, 6] . Others have reported excellent long-terms results using De Vega's technique [2, 5] .
Aim
We examined our own experiences with TV repair using either modified De Vega suture or prosthetic ring annuloplasty with Carpentier-Edwards rings, with observations on long-term survival, incidence of TV regurgitation recurrence and frequency of reoperation due to failure of repair.
Material and methods
A total of 570 patients underwent TV surgery at the Department of Cardiac Surgery, Hospital of České Budějovice, Czech Republic, between January 2000 and December 2016. The study population consisted of 559 patients who underwent TV annuloplasty with either modified De Vega suture (De Vega group, n = 69 (12.1%)) or prosthetic ring annuloplasty (RING group, n = 490 (85.9%)); 11 (2%) patients who underwent tricuspid valve replacement were excluded from the study (Table I) .
The type of tricuspid valve repair was determined by surgeons' preference. De Vega annuloplasty was performed in patients with minimal annular dilation and lower severity of pulmonary hypertension. In cases of severe tricuspid ring dilatation and more severe pulmonary hypertension, ring annuloplasty was chosen.
The mean age at the time of surgery was 66.9 ±10.3 (range: 15-88 years) and did not differ between the groups (p = 0.6758), and was 67.9 ±8.6 (range: 45-83 years) for the De Vega group and 66.7 ±10.5 (range: 15-88 years) for the RING group. The patients comprised 245 (43.8%) men and 314 (56.2%) women (Table I) .
A total of 538 (96.2%) patients presented with functional TV regurgitation secondary to annular dilatation. The rest (n = 21) showed an organic aetiology, and 47.6% of patients with primary aetiology had endocarditis of the permanent pacemaker pacing wires.
Preoperative TR was severe in 136 (24.3%), moderate in 386 (69%) and minimal in 37 (6.7%) patients with significant tricuspid annulus dilatation at the time of left-side valve surgery.
Preoperative pulmonary hypertension (PH) was mild in 190 (32.6%), moderate in 182 (20.8%) and severe in 116 (12.7%) patients, while no PH occurred in 71 (33.9%) patients (Tables II-IV) .
Doppler echocardiography is an important tool in our approach to assess and quantify the degree of pulmonary hypertension (Table II ). An indirect indicator is the acceleration time of pulmonary artery flow, reflecting the impedance of the pulmonary fluid. Pulmonary pressures can be estimated from velocity measurements and gradient calculations for pulmonary and tricuspid regurgitation. The right atrial pressure is judged by the diameter and respiratory variation of the lower vena cava. Prognostically unfavourable echocardiography signs include dilatation of the right atrium and the presence of pericardial effusion.
The average preoperative New York Heart Association (NYHA) functional class was 2.2 ±0.7079. Twenty-eight (5%) (Tables I, V) . Three hundred and ninety (69.8%) patients presented with sinus rhythm, 169 (30.2%) with atrial fibrillation, and no patients had a previously implanted permanent pacemaker (Table I) .
Only 6.6% of the patients (n = 37) had undergone isolated surgery on the tricuspid valve, while 93.4% of the patients (n = 522) had undergone concomitant mitral/aortic valve surgery and coronary artery bypass grafting.
Operative data
In all, 599 patients underwent TV repair with either modified De Vega suture (De Vega group, n = 69 (12.1%)) or prosthetic ring annuloplasty (RING group, n = 490 (85.9%)). De Vega annuloplasty was performed using a 3.0 polypropylene running suture with multiple Teflon pledgets not only at the anteroseptal and posteroseptal commissures, but with every annular bite of the suture, extended to the right edge of the trigonum fibrosum to a point opposite the coronary sinus. The annuloplasty is completed by reversing the suture and interpositioning new pledgets with those implanted previously (Fig. 1) .
Post-operative reduction of the annulus was achieved by suturing the stitch on the Hegar's dilator of the appropriate diameter of the tricuspid valve orifice. TV repair was performed if the anteroposterior ring size of the preoperative transthoracic echocardiography (TTE)/transesophageal echocardiography (TEE) ≥ 25 mm/m 2 in order to achieve A total of 490 patients received a Carpentier-Edwards ring (Edwards Lifesciences, Irvine, CA, USA). The appropriate size of the ring was selected based on the area of the anterior leaflet, and the length of the base of the tricuspid septal leaflet was measured using standard CarpentierEdwards ring sizers.
All patients were operated on through a full median sternotomy. Intraoperative myocardial protection was provided by antegrade cool blood cardioplegia into the aortic root. The mean cardiopulmonary bypass (CBP) time was 111.1 ±40.05 min and did not differ between the study groups (p = 0.4695). The mean aortic cross clamp time was 79.6 ±34.9 min and also did not differ between the study groups (p = 0.6266). Thirty-seven (6.6%) patients had isolated TV repair, and 522 (93.4%) patients underwent concomitant procedures, such as mitral and aortic valve surgery or coronary artery bypass grafting; 506 (90.5%) patients underwent double valve surgery (tricuspid valve and mitral or aortic valve). Three-valve surgery (tricuspid valve and mitral and aortic valve surgery) was performed on 16 (2.9%) patients (Table VI) .
Statistical analysis
Simple descriptive statistics were used to summarize the data. Continuous variables are presented as the mean ± standard deviation. Normality of the distributions was assessed using the D'Agostino-Pearson omnibus K2 tests and the ShapiroWilk normality test. Categorical variables were described as numbers and percentages (%) and analysed using the χ 2 test or Fisher's exact test, as appropriate. A confidence level of 95% was accepted as significant.
A non-parametric Mann-Whitney test was used to compare and study the relationships between the continuous variables. Survival curves for time-to-event variables were constructed on the basis of all available follow-up data using Kaplan-Meier estimates and were compared using the log rank test. A two-sided α level of 0.05 was used for all superiority testing. A p-value < 0.05 was considered to be significant. The statistical analysis was performed using MS Excel 2003 for Windows XP and the GraphPad Prism version 5.01 statistical analysis software (Graph-Pad Software, Inc., San Diego, California, USA).
Results
Patients from both study groups were similar in age: 66.7 ±10.5 vs. 67.9 ±8.6 years, p = 0.6758 (RING group vs. Tables I, III, IV) . Twenty-one (3.8%) patients presented with primary aetiology of tricuspid valve regurgitation (17 vs. 4 patients, p = 0.3131, RING group vs. De Vega group), including traumatic rupture, myxoma and infective endocarditis of permanent pacemaker pacing wires in 10 (47.6%) patients. Concomitant procedures were performed with a similar frequency in both groups (92.8% vs. 97.1%, p = 0.2969, RING group vs. De Vega group).
Determination of NYHA functional class showed an improvement compared with preoperative functional status between the patient groups during the follow-up (Table V) . The prevalence of NYHA ≥ III at 1, 5 and 10 years after TV repair was 11.2%, 16.2% and 19.6% for the RING group and 8.8%, 33.4% and 12.5% for the De Vega group, respectively (Table VII) . The difference in incidence of NYHA ≥ III between the study groups was significant 5 years after TV surgery (p = 0.0261) (Table VI) .
During the follow-up we also assessed the change in tricuspid regurgitation (TR) over time.
The prevalence of 3+ or 4+ tricuspid regurgitation at 1, 3, 5 and 10 years was 0.76%, 3.36%, 3.8% and 5.8% for the RING group and 0%, 0%, 6.8% and 5.8% for De Vega group, respectively. The difference in the trend of TR recurrence between the groups was not significant (p = 1.0000) (Fig. 2) . The majority of the patients with severe TR did not undergo reoperation because of poor clinical status, as reoperation was considered to be of extremely high risk. More aggressive diuretic therapy was required.
Tricuspid valve reoperations were performed in only 3 patients, and the initial tricuspid valve repair was ring annuloplasty in 2 patients and the De Vega suture method in 1 patient. In the 2 patients who underwent initial ring annuloplasty, the reason for the reoperation was suture dehiscence; 1 patient had TV replacement 2 years after the first operation, and the other patient received ring re-fixation 2 months postoperatively. One patient with previous De Vega suture repair had a tricuspid valve repair with a ring 22 years after the primary operation.
Overall, the 30-, 60-and 90-day mortality rates were 10.9 (61/559), 13.1 (73/559) and 14.5% (81/559), respectively. Thirty-day mortality rates in the RING group and the De Vega group were 11.8% (58/490) and 4.3% (3/69), respectively.
Ten-year survival after TV repair with ring annuloplasty or De Vega suture annuloplasty was 51.7% and 53.2%, respectively (p = 0.5259) (Fig. 3) .
The 15-year survival rate after TV repair with ring annuloplasty or De Vega suture annuloplasty was 48.3% and 44.6%, respectively. De Vega tricuspid valve annuloplasty -a rightly neglected surgical technique?
Discussion
Secondary TR associated with left-side valve disease is a common finding. There is still a debate about the optimal treatment of functional TV regurgitation. For many years it was believed that secondary TR could disappear after mitral valve surgery alone, and consequently, it was ignored. Thus, for example, Braunwald, Ross and Morrow in 1967 recommended conservative nonsurgical management of "functional" TR. In the 1980s it was observed that patients who had undergone successful mitral surgery sometimes returned years later with severe symptomatic TR. When these patients underwent reoperation, the mortality was high. More recently, compelling data have shown that surgically untreated secondary TR can persist or progress despite correction of the associated left-side lesion [1] . Uncorrected TR has been associated with poor survival and long-term outcomes of the patients [2, 3] . There is still some controversy regarding the impact of suture versus ring annuloplasty on long-term freedom from TR and reoperation in patients undergoing concomitant mitral valve surgery and TV repair. However, freedom from reoperation may seriously underestimate the prevalence of residual or recurrent tricuspid regurgitation, because tricuspid valve reoperation is considered "high risk" and may not be offered [6] . The low rate of reoperation may be in part due to the perception that it is a high-risk procedure [6] . Some patients tolerate moderate grades of regurgitation with minimal symptoms, and a few tolerate severe regurgitation with mild symptoms [6] . Reoperation for tricuspid valve disease proved to be a high-risk procedure, as others have found; the observed in-hospital mortality of 37% makes this one of the highest-risk cardiac valve operations. A poor track record here may create a self-fulfilling prophecy: patients with recurrent severe tricuspid regurgitation undergo aggressive treatment with diuretics and medication and are referred to surgery only when they develop severe disabling symptoms, including hepatic and renal dysfunction [6] .
Recent long-term studies suggest that ring annuloplasty is more durable than suture annuloplasty. Data from the surgical literature suggest that more than 85% of patients having a ring annuloplasty will be free from 2 + or greater TR 10 years after surgery. A number of studies have reported high recurrence of TR after the De Vega technique, particularly in patients with severe tricuspid annular dilation or pulmonary hypertension [1] .
McCarthy et al. from the Cleveland Clinic recommended abandoning the De Vega suture technique due to the common recurrence of TR on the basis of analysis of 790 patients who underwent TV annuloplasty for functional regurgitation between 1990 and 1999 [6] . Navia et al. [1] studied more than 2000 patients in the period from 1990 to 2008 with functional TR and reported a high recurrence rate of TR after TV repair. Within 3 months after surgery, 34% of the patients had moderate or severe regurgitation. The authors concluded that a rigid prosthetic ring provides early and sustained reduction of TR secondary to left-side valve disease without the need for an additional leaflet procedure [1] .
Parolari et al. performed a meta-analysis of early and long-term outcomes after tricuspid repair to compare the results of suture-based versus prosthetic ring annuloplasty. There was an advantage in early but not in long-term survival when using the ring. Freedom from moderate TR was significantly better in patients with ring annuloplasty (78.9 ±5.0% at 15 years vs. 60.0 ±4.2%, log-rank p = 0.0107). Ring annuloplasty is thus associated with better outcomes, being a protective factor for early mortality and long-term recurrence of TR after surgery [3] .
Guenther et al. reviewed 717 patients who underwent TV repair with either ring annuloplasty or De Vega suture annuloplasty between 1975 and 2009. The 10-year survival rates after TV repair with either ring annuloplasty or De Vega annuloplasty were 46 ±7%, and 39 ±3% (p = 0.01), respectively, and freedom from reoperation after TV repair with the De Vega suture technique was 88% compared with 98% after ring annuloplasty (p = 0.034). The authors concluded that TV repair with ring annuloplasty is associated with improved survival and a lower reoperation rate compared to suture annuloplasty [5] .
Shinn et al. from the Mayo Clinic reported similar outcomes of concomitant TV repair during mitral valve surgery with de Vega suture annuloplasty and flexible ring annuloplasty [2] .
Long-term mortality and recurrence of TR in patients who underwent suture and ring annuloplasty were similar in our study population. De Vega suture annuloplasty provides good and stable results. Ten years after surgery, 94.2% of patients, either in the RING group or the De Vega suture group, will be free from TR ≥ 3. Only 5.8% of patients in both groups show recurrence of TR ≥ 3. In a selected group of patients with a lower degree of annular dilatation and less severe pulmonary hypertension, in intravenous drug abusers, De Vega suture annuloplasty can be a good alternative to ring annuloplasty. Last but not least, the cost-effectiveness of suture-based De Vega annuloplasty may be an important factor, playing a role in comparing the methods. In our country the cost of Prolene suture is approximately 5 euro in comparison with 900 euro for a commercially available prosthetic tricuspid ring.
Conclusions
It is well accepted that for TV repair, prosthetic ring annuloplasty has better results than suture-based annuloplasty. In our experience with patients undergoing TV repair of functional TR, both annuloplasty techniques have good and stable results over time. De Vega suture annuloplasty can be performed simply and rapidly and at a low cost compared with commercially available rings. De Vega suture technique appears to be an effective and durable repair. This technique is simple, reproducible, less costly and could be considered in a selected group of patients.
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